and 3) other unknown causes or unidentified agents contributed to increase the mortality rate either as a primary effect or by causing immunosupression.
Neospora caninum infection is ubiquitous in cattle populations and is believed to cause a considerable number of abortions worldwide. 12 The diagnosis of N. caninum as the cause of an abortion has been commonly based on the presence of fetal lesions compatible with N. caninum infection and/or presence of positive immunoperoxidase (IPX) staining in fetal tissues. 1, 2, 4, 5 Independent reports found most congenital infections with N. caninum resulted in a live-born calf, 3, 9, 18 casting doubt as to whether fetal lesions compatible with N. caninum infection indicate N. caninum as the cause of abortion or merely infection of the fetus. Convincing epidemiologic evidence was not found for N. caninum as a cause of a herd abortion problem in herds for which a presumptive diagnosis of N. caninum abortion had been made by histopathology and IPX. 25 In addition, presence of N. caninum-associated lesions and positive IPX staining have been reported in experimentally infected fetuses that did not abort 8 and in live-born calves, 6, 7, 10, 11, 15 demonstrating that histopath-ologic or IPX-based evidence of N. caninum infection are not necessarily diagnostic for N. caninum as a cause of abortion. Though others 26 have described varying degrees of severity associated with N. caninum fetal infection, no information is available to indicate whether diagnosis should be based on the extent of lesion severity.
The objective of the present study was to assess the extent to which lesions and IPX staining can be expected in nonaborted fetuses infected with N. caninum and to estimate the positive (PPV) and negative (NPV) predictive values of fetal histopathology and IPX in diagnosing N. caninum abortion, using fetuses recovered at slaughter from seropositive cows. An ideal experimental design would examine fetuses prior to abortion and compare the extent and severity of fetal lesion in those known to survive with those known to abort. Because it is not possible to predict with certainty which fetus would abort, estimates of abortion attributable to N. caninum for the herd of origin were used to estimate the numbers of fetuses from seropositive dams that would be expected to abort and to be born alive.
Twelve pregnant Holstein dairy cows were selected randomly from a list of cows to be culled for low milk production from a dairy studied previously. 16, 18, [22] [23] [24] [25] Sera were collected and tested for antibodies to N. caninum using a kinetic enzyme-linked immunosorbent assay (ELISA) and a positive cutoff for the ratio of the serum sample V max to that of the positive control (S/P) Ն0.45, as described. 17 Five cows tested negative and 7 tested positive for N. caninum.
From previous reports for this herd, it was estimated that 95% of calves born to infected cows were infected before birth, 16 the abortion rate of seropositive cows was 19% for the first pregnancy of the first lactation and 14% for the first pregnancy of the second lactation, and the proportion of abortion attributable to N. caninum (AP) in seropositive cows for the respective lactations was 0.41 and zero. 23 Thus, for the 7 seropositive cows slaughtered, the expected number of abortions was 1.33 (7 cows ϫ 0.19 abortions/cow). Because the value of 0.19 was based on the abortion rate for first-lactation cows in the herd, 23 the estimate of 1.33 abortions was expected to be higher than the abortion rate for the multiple-lactation cows represented in the actual sample ( Table 1 ). Using the same estimates for the herd, the number of N. caninum-infected fetuses (twins were considered 1 abortion) sampled at slaughter was calculated to be 6.65 (7 cows ϫ 0.95 congenital infections/cow). The estimated number of fetuses expected to have been aborted because of N. caninum infection was 0.55 (1.33 abortions ϫ 0.41 N. caninum abortions/abortion). As with the abortion rate, the estimated AP probably was greater than the actual AP for seropositive cows because it represented the AP for first-lactation cows, which was expected to be higher than the AP for the multiple-lactation cows represented in the sample. 23 The probability (P) that none, 1, 2, or 3 of the fetuses (n ϭ 7) would have been aborted because of N. caninum infection was estimated as the probability of the combination of 7 chose k abortions (0, 1, 2, or 3, respectively), where the proportion aborting due to N. caninum (a) was estimated as 0.078 (0.19 ϫ 0.41), using the formula p ϭ {n!/(nϪk)!k!} {a k ϫ (1Ϫa) nϪk }.
Fetuses and tissues were examined by a single pathologist, who had no knowledge of the serologic status of the cow, using standard diagnostic protocols of the California Veterinary Diagnostic Laboratory System for aborted bovine fetuses, including culture for aerobic bacteria and Campylobacter and Leptospira testing by fluorescent antibody on kidney impression smears. Histologic examination of the fetus-es included 2 or 3 sections of brain and 2 sections of heart, thymus, diaphragm, thigh muscle, lung, liver, kidney, spleen, abomasum, and placenta. The IPX test for N. caninum, as described elsewhere, 1 was performed on brain and kidney sections of all fetuses and on additional sections of tissues of fetuses with histologic lesions compatible with N. caninum infection. Multifocal encephalitis with nonsuppurative myocarditis and/or myositis, as reported by others, 4 were considered lesions compatible with N. caninum infection.
The following definitions were used to estimate sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV), where the event of interest was abortion due N. caninum and the test was histopathologic assessment or IPX: sensitivity ϭ the proportion of fetuses dying of N. caninum infection that had a positive test result; specificity ϭ the proportion of infected, surviving fetuses that had a negative test result; PPV ϭ the proportion of infected fetuses with a positive test result that died as the result of N. caninum infection; NPV ϭ the proportion of infected fetuses with a negative test result that survived. Two scenarios were evaluated, one with sensitivity assumed to be perfect (1.0) and the other with sensitivity assumed to be the proportion of infected fetuses with histopathologic changes or a positive IPX staining observed in the actual sample of slaughtered cows.
Of the 7 N. caninum-seropositive cows followed to slaughter, 3 (43%) had a fetus with both N. caninum-compatible lesions and a positive IPX stain (Table 1) . IPX staining was positive in brain or kidney of 2 (1 of the twins) of the 4 fetuses with histopathologic changes. IPX staining was positive for skeletal muscle for the other 2 fetuses and for liver of 1 of the other fetuses. Histopathologic changes were mild in the twin fetuses and the fetus of cow 1594 and were severe in multiple organs in the fetus of cow 8894. No lesions were found in fetuses of the 5 seronegative cows followed to slaughter. The expected number of aborted and nonaborted fetuses with and without histopathologic changes or IPX staining from seropositive cows is presented in Table  2 . The sensitivity approximated by the distribution of histopathologic changes and IPX staining was 3/6.65 ϭ 0.45. The PPV for histopathology and IPX in diagnosing N. caninum-caused abortion in fetuses of seropositive cows was 0.18 (false positive ϭ 82%) with a sensitivity of 1.0 and 0.08 (false positive ϭ 92%) with a sensitivity of 0.45, respectively. The respective NPV values were 1.0 and 0.92 ( Table 2 ). Estimates of PPV and NPV (assuming a sensitivity of 0.45) projected for AP and abortion rates indicate that until both AP and abortion rate exceed 0.6, the PPV would be Ͻ0.40 and the NPV would be Ն0.70 (Fig. 1) . The probabilities that none, 1, 2, or 3 of the 7 fetuses would have been aborted as the result of N. caninum infection were 0.57, 0.335, 0.012, and 0.085, respectively.
Results of the present study demonstrate that regardless of the potential for survival with congenital infection, N. caninum-infected fetuses can be expected to have lesions of N. caninum and that use of histopathology and/or IPX rather than fetal infection to diagnose abortion could result in a false-positive diagnosis of N. caninum as the cause or sole cause of abortion. In the herd studied the best case scenario for PPV, assuming perfect sensitivity (1.0), estimated that ) for histopathology and IPX staining in diagnosing N. caninum as the cause of abortion in seropositive cows with various rates of abortion and attributable proportion (AP) aborting on the herd studied, assuming a sensitivity of 0.45. 82% (1 Ϫ 0.18) of the diagnoses incriminating N. caninum as the cause of abortion could be false. The false positive rate of 82% is likely to have been underestimated because values for the abortion rate, AP, and sensitivity were inflated; the overall AP and abortion rate for seropositive cows, considering all lactations, 23 would be less than the values of 0.41 and 0.19 used here. Projected PPV values for histopathology and IPX staining that assume a sensitivity approximated by the data (i.e., 0.45) probably represent more realistic values than those assuming that standard diagnostic procedures would have detected N. caninum infection in all fetuses that aborted as the result of N. caninum infection (Fig. 1) . Assuming the more realistic sensitivity value, the PPV of 0.08 would be equivalent to a false-positive abortion diagnosis rate of 92%.
Weaknesses of the present study were the small sample size and the debatable assumption that the sample represented the subpopulation of N. caninum-seropositive cows in the herd. Representativeness of the sample was addressed by random selection of cows, and confidence in estimates derived from a small sample was addressed by overestimating the proportion of abortion attributable N. caninum, which would tend to inflate the positive predictive value. The estimated probabilities of N. caninum abortion, however, supported the conclusion that presence of lesions and IPX staining are not likely to be diagnostic for abortion. The probability that none of the fetuses would have aborted was high (0.57), whereas it was only moderately probable that any 1 of the fetuses would have aborted as the result of N. caninum infection (P ϭ 0.335). Neospora caninum abortion of 3 fetuses, such as the 3 with lesions and IPX staining, was very unlikely (P ϭ 0.012).
The low PPV is based on standard diagnostic procedures in which limited numbers of sections are examined per case; thus, diagnosticians would be less likely to find lesions and positive IPX staining than they would following the more extensive research protocols reported for N. caninum. For example, if tissues (e.g., brain and kidney) were examined only by IPX in the present study, 1 of the twins and 1 of the fetuses with histopathologic changes would have been negative. Since the first reports of Neospora-associated abortion, investigators have noted a paucity of organisms in tissues, 14,21 a random distribution of lesions, and milder inflam-mation in late-term aborted fetuses. 6 In 1 study, as many as 19 sections had to be examined before 1 section could be found with positive IPX staining. 14 In another study, poor agreement was found between serologic evidence of infection and presence of histologic lesions, suggesting that diagnosis of N. caninum abortion by histopathology would be difficult because of the low sensitivity of histopathology. 20 Sensitivity would be expected to be even lower when standard diagnostic procedures are applied blindly under the time and funding constraints typical for diagnostic laboratories, which can preclude the exhaustive efforts used in some of the reported research.
The PPV also would be expected to vary depending on the epidemiologic pattern of N. caninum abortion in a herd. If the abortion rate among seropositive cows in a herd and the proportion of abortions attributable to N. caninum were high, as would be expected for an abortion epidemic due to N. caninum, the PPV values would be expected to increase and the NPV values would be expected to decrease, as shown by the projected values of PPV and NPV in Fig. 1 . Because the herd abortion rate and the AP for seropositive cows are not known for most abortion investigations, clinicians would be unable to interpret whether or not a fetal necropsy report describing histopathologic or IPX evidence of N. caninum infection means the fetus was aborted because of N. caninum infection or whether the detected infection was simply coincidental to a congenitally acquired infection in a fetus that was aborted from some other cause. For a herd such as that studied here, histopathologic or IPX evidence of N. caninum infection in an aborted fetus probably would falsely incriminate N. caninum as the cause of abortion when the finding actually represented a congenitally infected fetus that likely would have survived the full term of pregnancy.
Prior studies in which a high rate of N. caninum congenital transmission was identified 3, 9, 18 indicated that the organism is well-adapted to its host. Unlike other known hostadapted parasites, however, evidence of N. caninum infection in a fetus is commonly used as the criterion for abortion diagnosis, often without regard to lesion severity, fetal age, or other possible risk factors. Although a 2-4-fold higher risk of abortion associated with N. caninum seropositivity in herds with endemic abortion demonstrates that N. caninum infection can place the fetus at an increased risk of abortion, 19 ,23 from a diagnostic viewpoint, coinfections and other risk factors should be pursued to determine the extent to which N. caninum is truly the sole cause of abortion and to assure the abortion storms diagnosed by examination of a limited number of fetuses are not inadvertently attributed to the wrong agent. The seemingly low PPV for lesions and IPX are not reason to discourage fetal necropsy but are reasons to suggest that caution should be exercised in equating evidence of N. caninum infection with N. caninum-induced abortion, based solely on histopathologic changes and IPX staining. Information that includes lesion severity, fetal age, herd status, and exclusion of other possible abortifacients may help distinguish N. caninum abortion from fetal N. caninum infection. There have been marked changes in clinical practice over the last 5-10 years. The diagnostic process has been markedly expedited with improved imaging and biopsy methods. Biopsy sampling is now often an outpatient procedure, using sedation and/or local anesthetics rather than general anesthesia and a needle biopsy rather than a more invasive wedge-type incision. Although these procedures are quick and cost effective, they pose considerable challenge to the diagnostic pathologist in arriving at accurate diagnoses. A major limitation to the use of small specimens is that the tissue procured may not be representative of the pathologic process. Needle biopsies may serve as a prelude, however, to definitive treatment methods. As clinical methods have improved, so too have those procedures used in the diagnostic laboratory to optimize the utility of small specimens. Here, we report the diagnostic processes used with a clinically procured needle biopsy.
A 13-year-old altered female mixed-breed dog was examined because of a 2-week history of an enlarged right prescapular lymph node. Six months prior to presentation, the referring veterinarian had removed multiple mammary masses, which had not been submitted for histology. On physical examination, the dog had multiple enlarged peripheral lymph nodes and a cluster of raised dermal nodules over the left thoracic wall. A 2-cm area over the right prescapular lymph node was clipped, and a local anesthetic mixture (2.5 ml 2% lidocaine, 0.5 ml 8.4% sodium bicarbonate, trace 1: 10,000 epinephrine) was injected intradermally and subcutaneously. A 2-mm stab incision was made in the dermis with a no. 11 scalpel blade and a 14-ga needle biopsy was collected from the region of the right prescapular lymph node using a hand-held biopsy instrument. a The 14-ga 2.0-cm specimen was gently placed on sterile gauze moistened with 0.9% NaCl and divided into 5 sections using a sharp scalpel blade (Fig. 1) . The smallest section was used to make impression smears on 3 glass slides. Blood was blotted from the specimen with gauze, and the specimen was then gently touched onto 3 glass slides in 10-12 places per slide. These cytologic specimens were quickly air dried and stained with Wright's stain. The second tissue section, to be used for histologic interpretation, was placed in neutral buffered formalin solution for routine processing through paraffin wax, sectioning, and staining with hematoxylin and eosin (HE). The third tissue section, to be used for electron microscopy, was placed in 2% glutaraldehyde in 0.05 M phosphate buffer (pH 7.2) at room temperature for 1 hour and then refrigerated (4 C). The fourth tissue section, to be used for immunohistochemistry, was snap-frozen in optimal cutting temperature medium b and stored at Ϫ70 C in 4-ml polyethylene tubing. c The fifth specimen, to be used for molecular analysis, was snap-frozen in liquid nitrogen and stored at Ϫ70 C in the polyethylene tubing. The cytologic preparations were cellular. Most of the nucleated cells were in clusters (Fig. 2) . In thin areas of the smears, the borders of the cells within the clusters were indistinct. Individual cells had moderate amounts of basophilic cytoplasm, and some cells contained cytoplasmic vacuoles. The nuclear chromatin was finely stippled, and most cells contained 1 or 2 irregular nucleoli. Scattered throughout the smears were occasional neutrophils, plasma cells, and rare lymphocytes. Microscopic examination of the HE-stained tissue revealed small fragments of adipose tissue, lymphoid tissue, and pleomorphic epithelial cells arranged in nests and cords (Fig. 3) . These cells were polygonal and moderately pleomorphic and contained round to irregularly shaped nuclei, finely stippled basophilic chromatin, and 1 or more magenta-stained nucleoli. The cytoplasm appeared homogeneous and amphophilic, and cell borders were indistinct. These pleomorphic cells rarely formed irregular gland-like
